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ZANNICHELLIACEAEDumortier, Anal. Fam. PI. 59, 61. 1829, "Zanichel-

A small family of annual [or perennial], glabrous, monoecious, aquatic herbs,

growing entirely submersed in fresh or brackish waters, rooting at the lower

nodes. Roots unbranched, 1-7 at a node, nonseptate. Stems slender, dimorphic,

the lower often stoloniferous, the upper erect and leafy, without teeth along

internodes; turions and tubers absent. Leaves alternate, opposite, or pseudo-

whorled, scalelike, without vascular tissue or foliaceous, linear, 1- [or rarely 3-]

veined, subterete, sessile, with basal sheaths, the sheath adnate to or free from

the blade, the infravaginal scales membranaceous. Inflorescences axillary, with

2 [to several] imperfect flowers. Staminate flowers short-pedicellate, perianth

absent [rarely minute and 3-lobed], androecium consisting of 1 stamen, the

connective extended into a blunt appendage, the anthers (2-)4(-8)[-12]-locu-

late, dehiscing by longitudinal slits; pollen inaperturate, globose, often in a

gelatinous matrix. Carpellate flowers short-pedicellate, often enclosed in a

membranaceous, spathelike envelope; perianth absent [or a small cuplike sheath;

or segments 3, separate]; carpels (l-)4 or 5(-8), separate, short-stipitate,

1-loculate; ovule solitary, bitegmic, pendulous, anatropous, placentation apical;

style short [long], stigma enlarged, ± funnel shaped [feathery or peltate]. Fruit

drupaceous, with a membranaceous exocarp, fleshy mesocarp, and stony en-

docarp. Seed solitary; embryo curved; endosperm helobial in development,

absent in mature seed. (Zannichelliaceac sensu stricto, excluding genera that
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Four genera and ten to twel\o\|u.'
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\< pi« tnkiuiiiin . mthcastern United

States by one species of Zannichellia, a nearly cosmopolitan genus consisting

of four or five species. Zannichellia differs from Pseudalthenia Nakai, Althenia

Thouars, and Lepilaena Drumm. ex Harvey in lacking a creeping rhizome, in

having mostly four- or five-carpellate flowers (rarely fewer than four-carpellate),

and in having warty fruits. Tomlinson & Posluszny indicated that no clear

lines of evolution are recognizable in the family.

rseiulalihenia Aschersoniana (Graebner) Den Hartog ( Vleisia Aschersoniana

(Graebner) Tomlinson &Poslus n )ii n endemic of the Cape Southwest region

of South Africa, where it grows in vleis (depressions in which water collects

during the wet season). The species is unique in the family in having leaves

with a submarginal vascular strand and transverse strands continuous with the

midvein. The staminate flower lacks a perianth, is eight-sporangiate, and has

a pair of vestigial appendages on the connective. The carpellate flower is always

unicarpellate and produces a papillate fruit, with the papillae not arranged in

lines.

Althenia, with two species in northern Africa, the west-central Mediterranean

region, and the Atlantic coasts of Morocco, Spain, Portugal, and France, is

characterized by peltate stigmas and styles about 3 mmlong.

Lepilaena consists of three species endemic to Australia and a fourth oc-

curring in NewZealand and Australia. Diagnostic features of the genus include

two- or twelve-sporangiate staminate flowers and carpellate flowers with short

styles and funnel-shaped or feathery stigmas.

Cronquist placed the Zannichelliaceae in the Najadales, whereas Dahlgren,

Dahlgren & Clifford, and Thorne (1976, 1 983) put the family in the Zosterales.

The Zannichelliace is hen reted have been combined variously with

members of the Potamogetonaceae, Najadaceae, Zosteraceae, and Cymodo-
ceaceae under the names Zannichelliaceae (Taylor), Zosteraceae (Fernald), Na-

jadaceae (Gleason & Cronquist), and Potamogetonaceae (Ascherson & Graeb-

ner). Miki considered Najas L. to be closely related to the Zannichelliaceae,

especially Althenia, less so to Zannichellia.

Pollen is mostly dispersed as single grains but is occasionally contained in

a gelatinous main • (r m 'onnuh lb, ,x U hi > Ml "iains are spherical,

nonaperturate or rarely monosulcoidate, binucleate, and sparsely and unevenly

verrucate. Adjacent verrucae are often in contact. The endexine, according to

I u & Jenny i - (ices) in ict, and the intine is

thin.

The family is known to have secondary compounds, including flavonoid

bisulphates, flavones (Gornall et al), and apiose (Van Beusekom).

Cytological data are incomplete for the family, but the reported chromosome
numbers include In = 12, 24, 28, 32, and 36 (v = 6 or 8).

The Zannichelliaceae are all aquatic herbs and grow clonally in shallow,

generally brackish coastal waters or in inland freshwater lakes.

The roots are all adventitious and unbranched; they arise from nodes of the
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creeping and sympodially branched rhizomes or from those of the erect and

richly branched leafy stems. The leaves are linear, sheathing at the base, and

with rounded, pointed, truncate, or toothed apices. Pairs of inconspicuous,

filiform squamules (nonvasculated scales) occur laterally at the nodes.

The unbranched roots have a thin-walled epidermis of large cells and con-

spicuous root-hairs that arise from short trichoblasts. The outer cortex is com-

pacted into an exodermis of one or two layers of narrow, slightly lignified,

thick-walled cells, while the inner part is lacunose, the endodermis uniseriate

and thin walled, and the stele narrow, surrounding a metaxylem lacuna.

The stems are nearly without mechanical tissue, and the epidermis, cortex,

endodermis, and stele resemble those of the roots. Vascular bundles supporting

lateral organs diverge directly from the stele, and there is no cortical vascular

The leaf blade is glabrous, with the epidermis uniform, thin walled, and

chlorophyllous. The epidermis mostly lacks stomata, although they do occur

in the apices of leaf blades of certain species of Zannichellia. The mesophyll

is lacunose either throughout or only on each side of the midvein. The vascular

system is reduced to a single median vascular bundle surrounded by a uniseriate

endodermis. The leaf blades have submarginal fibers.

The plants are monoecious, with complex, terminal, sympodial inflorescences

of reduced, specialized flowers subtended by reduced bractlike leaves. Each

inflorescence usually has one staminate flower terminating the first-order mer-

istem and one to several carpellate flowers terminal on branches of higher

The staminate flowers are short-pedicellate, reduced to one stamen, and with

or without a short, three-lobed, scalelike perianth. The anther consists of one

or more bisporangiate units, sometimes with a short connective appendage;

dehiscence is longitudinal. The tapetum is of the periplasmodial type, micro-

sporogenesis is of the successive type, and the pollen grains are three-celled at

The carpellate flowers are short-pedicellate and have one to eight separate,

short-stalked, slightly asymmetric carpels. The carpels are surrounded by a

biseriate perianth that consists of a closed tubelike structure in Zannichellia

and Pseudalthenia, and of three separate segments in Althenia and Lepilaena,

with the segments opposite the carpels. The styles are more or less elongate

and are terminated by enlarged peltate or funnel-shaped stigmas that have

more or less lacerate margins or are occasionally feather shaped. Each of the

stipitate carpels contains a solitary, pendulous, anatropous, bitegmic ovule.

The embryo sac is of the Allium type, with embryo formation of the cary-

ophyllad type. Endosperm is of the helobial type but is absent in the mature

pp. Cambridge, England. 1920. [Review of the
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ed., Anatomy of the monocotyledons. Vol. 7. xvi + 559 pp. Oxford. 1982. [Zan-

nichelliaceae, 336-369.]

& U. Posluszny. Generic limits in the Zannichelliaceae (sensu Dumortier).

!•> on 25: !
1-279 I" 6 [Vleisia a new genus proposed to accommodate Zan-

nichellia Aschersoniana, is antedated by Pseudalthenia Nakai, with the single species

P. Aschersoniana (Graebner) Den Hartog.]

& . Aspects of floral morphology and development in the seagrass Sy-
nayjkJtum f ill for me(Cymodoceaceae). Bot. Gaz. 139: 333-345. 1978. [Includes table

1. Zannichellia Linnaeus, Sp. PL 2: 969. 1753; Gen. PI. ed. 5. 416. 1754.

Annual or rarely perennial, monoecious plants of fresh or brackish waters.

Roots single or in pairs at the nodes. Leaves in pseudowhorls of 3 but usually

also alternate and opposite on same plant, entire, stipulate, mostly less than 1

mmwide, 1 veined. Inflorescence usually consisting of 2 flowers, 1 staminate

and 1 carpellate. Flowers without a perianth. Staminate flowers with a single

usually 4-loculate [2-8-loculate] stamen, the connective prolonged into a blunt

appendage. Carpellate flowers with (l-)4 or 5(-8) carpels surrounded basally

by a membranaceous envelope th style li i than 1 mmlong, the stigma

asymmetrically funnel shaped. Fruit endocarp often coarsely papillose. Type
species: Z. pctlustris L., the only species of the genus in Species Plantarum.

(Named after Gian Girolamo Zannichelli, 1662-1729, a Venetian apothecary

and botanist.)— Horned f

A nearly cosmopolitan genus of perhaps five species, represented in the

southeastern United States onh b> Zanni llu valu is L. The genus has

been variously interpreted as consisting of one highly variable species (e.g.,

Dandy) or as many as five species (e.g., Holm-Nielsen & Haynes; Van Vierssen,

1982a). We recognize the genus to comprise at least one near-cosmopolitan

species (Z. palustris) and four others of restricted distribution, of which three

(Z. major Boenn., Z. peditnculata Rcichb., and Z. peltata Bertol.) are in north-

ern Europe and one ( andina I olm-Nielsen & Haynes) is in the high Andes
of South America.

Zannichellia has an unusual pollination system in which the anther of the

staminate flower arches over the funnel-shaped stigmas of the carpellate flower.

Pollen transfer is entirely underwater: it is released from the anther in a ge-

latinous mass and falls directly into the stigma. Such a system limits outcrossing

but is valuable for a submersed annual aquatic since pollination is essentially

assured.

Reported chromosome numbers for Zannichellia are n = 12, In = 24, 28,
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, base of leaf (to right), portion of stem, and base

of 2 branches, x 12; c, staminate flower (a single stamen) and carpellate flower with 2

carpels, x 12—note expanded stigmas; d, anther shedding pollen, x 25; e, cross section

of anther before dehiscence, showing 4 loculcs, a few pollen grains indicated diagram-

matically, the vascular bundle dot- i >: 1'. nearh ni im mits of a 4-carpellate

flower, 1 carpel undeveloped, x 6; g, h, endocarps of 2 fruits, with tip of style still covered

by outer part of pericarp 6 i fruh thi ovary in longitudinal section to show embryo,

]2, i6 lor , fh lusiris (Boll ho kikh el '
) In = 36 foi />. dun uloia am

In = 12, 36 for Z. peltata (Van Vierssen & Van Wijk).

Daghlian did not report the Zannichelliaceae in the fossil record, although

Katz and colleagues listed three species from the Quaternary in the Soviet

Union. Miller reported Zannichellia from lateglacial deposits in western New
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Burgmeister, H. Entwicklungsphysiologischi .. . . u : . ., . ui Heterophyllie und

Stomatabildung bei Zannichellia palustns l_ I- in Biol. Pflanzen 44: 67-121. 1968.

Correll, D. S., & H. B. Correll. Aquatic and wetland plants of southwestern United

States. Fwntisp. t xvi + 1777 pp. Water Pollution Control Res. Ser. Environ.

Protect. Agency. Washington, D. C. 1972. (Reissued in 2 vols, by Stanford Univ.
!'

»
II

"">">" I 1 "" i < " i' In Hi I'ttli nis) \\i 119 {fig.), 120.]

& M. C. Johnston. Manual of the vascular plants of Texas, tronttsp. + xv +
1881 pp. 1 map Renne Tc i I

1
' |, mnichelliaccae < urn hell i fialu Is)

93.]

Cronquist, A., A. H. Holmgren, N. H. Holmgren, J. L. Reveal, & P. K. Holmgren.
Intermountain flora. Vascular plain , ot Hi liitertnountain West, U.S.A. Vol. 6. 584

pp. New York. 1977. [Zannichellia palustris, 44, 45, fig.]

Dorofeev, P. I. On the Pleistocene flora of the locality of village Vyshgorod on Dniepr.

i
In Ru ;si in; English summary.) Bot. Zhur. 49: 1093-1 100. pis. /, 2. 1964. [Includes

'/ '/-,- pal i sin's
|

. The Pliocene flora of the Matanov Garden on the River Don. Bot. Inst. V. L.

Komarova, Izdat. Nauka, Leningrad. 87 pp. 1966.* [Includes Zannichellia, Najas,

Potamogeton.]

Eyles, D. E., & J. L. Robertson, Jr. A guide and key lo the aqualic plants of southeastern

United States. U. S. Publ. Health Bull. 286. iv + 151 pp. + map. [Zannichellia

palustns, 71.]

Gleason, H. A. The new Britton and Brown illustrated flora of the northeastern U. S.

and adjacent Canada. Vol. 1. lxxv + 482 pp. New York. 1952. [Najadaceae, 74-

in< Iikiiii! i'oiamo tea Ruppia osier,, \apis and aim hell puhisii

86, 81, fig.]

Godfrey, R. K., & J. W. Wooten. Aquatic and wetland plants of the southeastern

United States. Monocotvledoi^ • '; pt» \ihen >rj>ia. 1979. [Zannichelli-

aceae {Zannichellia palustns), 29, 30.]

Graebner, P., & M. Flahault. 6 Familie. Potamogetonaceae. Pp. 394-543 in O. von
Kirchner et ai, Lebensgeschichte der Blutenpflanzcn Mitteleuropas. Band 1, Abt.

1. Stuttgart. 1908. [Six genera; Zannichellia (by P. Graebner), 509-516.]

Harrington, H. D. Manual of the plants ol < ol rado Foi thi identification of ferns

and flowering plants of the state, x + 666 pp. Chicago. 1954. [Zannichellia (Z.

palustris), 35.]

Haynes, R. R. Aquatic plants of Alabama. 1. Alismatidae. Castanea 45: 31-50. 1980.

Yu,michellia palustris.]

& L. B. Holm-Nielsen. A generic treatment of Alismatidae in the Neotropics

with special re feu i< I I \cia Ama/onica Suppl. (In press.) [Zannichellia

andina, Z. palustris.]

&
. Zannichelliacea* In G. Harling&B. SPARRE,eds., Flora of Ecuador.

(In press.) [Zannichellia andina.]

Hegi, G. Potamogetonaceae. Fl. Mittelcuropa 1: 120-144. pis. 16-18. 1907. [Zanni-

chellia. 140. 141./;/. 17, fig. 6.]

Hellquist, C. B., & G. E. Crow. Aquatic vascular plants of New England: part 1.



HAYNES &HOLM-NIELSEN, ZANNICHELLIACEAE

59, 60.]

Hisinger, E. Recherches sur les tubercules du Ruppia rostellata et du Zannichellia

polycarpa, provoques par le Tetramyxa parasitica. Medd. Soc. Faun. Fl. Fenn. 14:

53-62. pis. 1-10. 1887.

Hitchcock, C. L., & A. Cronquist. Flora of the Pacific Northwest. An illustrated

manual, xix + 730 pp. Seattle. 1973. [Zannich lln<r ic (Za nnichellia palustris), 566.]

Hochreutiner, C. Etudes sur les phanerogames aquatiques du Rhone et du port de

Geneve. Rev. Gen. Bot. 8: 90-110, 158-167, 188-200, 249-265. pi. 7, text figs- 5-

65. 1896. [Premiere partie. Morphologie et anatomie du Zannichellia palustris L.,

91-1 10; Zannichellia also in the six sections of the second part.]

Holm, L., J. V. Pancho, J. P. Herberger, & D. L. Plucknett. A geographical atlas

of world weeds, xlix + 391 pp. NewYork. 1979. [Zannichellia, 389.]

Holm-Nielsen, L. B., & R. R. Haynes. Two new Alismatidae from Ecuador and Peru

(Alismataceae and Zannichelliaceae). Brittonia 37: 17-21. 1985. [Zannn hellh

dim. sp. nov.]

Hotchkiss, N. Underwater and floating-I

U S. Dept. Int. Fish Wildlife Serv. I

124 pp. [Zannichellia, 63.]

Katz, N. J„ S. V. Katz, & M. G. Kipiani. Atlas and keys of fruits and seeds occurring

in the Quaternary deposits of the USSR. (In Russian; English and Russian title

pages.) 365 pp. Moscow. 1965. [Zannichellia, 128, \29, fig. 13.]

Lakshmanan, K. K. Note on the endosperm formation in Zannichellia palustris L.

Phyton Buenos Aires 22: 13, 14. 1965.

Long, R. W., & O. Lakela. A flora of tropical Florida, xvii + 962 pp. Coral Gables.

1971. [Zannichelliaceae (Z. palustris), 118.]

MacRoberts, D. T. The vascular plants of Louisiana. An annotated checklist and

bibliography of the vascular plants reported to grow without cultivation in Louisiana.

Bull. Mus. Life Sci. Louisiana State Univ. 6. 165 pp. 1984. [Zannichelliaceae (Z.

palustris), 54.]

Martin, A. C. The comparative internal morphology of seeds. Am. Midi. Nat. 36: 5 1
3-

660. 1946. [Potamogetonaceae, 550, including Potamogcton " uppia amu, In Ilia

Zostera, all in the category "linear embryos," none illustrated.]

Mason, H. L. A flora of the marshes of California, xi + 878 pp. Berkeley, California.

1969. [Zannichel ( uehellia p, 89 90,. fig. 37.]

McAtee, W. L. Wildfowl food plants. Their value, propagation, and management, x +

141 pp. Ames, Iowa. 1939. [Zannichellia, 16. 17. 78, 81, 90, 92.]

McClure, J. W. Secondary constituents of aquatic angiosperms. Pp. 233-268 in J. B.

Harborne, ed., Phytochemical phylogeny. London. 1970. [Zannichelliaceae, Z. pa-

Miller, N. G. Lateglacial plants and

Jour. Arnold Arb. 54: 123-159. 1973. [Zannichellia palustris van major (Boenn.)

W.D.J. Koch, 145, 146 (fig.).]

Morong, T. L. How to collect certain plants. Aquatic plants (Naiadaceae, etc.). Bot.

Gaz. 11: 139, 140. 1886. [Includes Zannichellia palustris.]

Muenscher, W. C. Aquatic plants of the United States, x + 374 pp. Ithaca, NewYork.

1944. [Potamogetonaceae, 27-6? including Potamo ton I '/><> a annichellia (Z

pah'Mn ) Flnl/osi m o^tca I'i'IoiU'Ic C i modocea.]

Ogden, E. C. Anatomical patterns of some aquatic vascular plants of New York. New
York State Mus. Bull. 424. v + 133 pp. 1974. [Zannichellia palustris, 11, map 52,



268 JOURNALOFTHEARNOLDARBORETUM [vol. 68

Pettitt, J. M., & A. C. Jermy. Pollm in hydrophilous angiosperms. Micron 5: 377—

405. 1975. [Includes Zannichellia palustris.]

Pierce, L. S., & B. H. Tiffney. Holocene fruit, seed, and leaf flora from riverine

sediments near N-u Haven Connecticut. Khodora 88: 229 2,2. 1986. [Zannichellia

palustris, 21S, 249, fig. 12.]

Posluszny, U., & R. Sattler. Floral development of Zannichellia palustris. Canad.

luin Hoi *-! o.SI (m 1976 [The fertilt nod complt ol annichellia pti/usli

appears at first to be a perfect flower.]

Radford, A. E., H. E. Ahles, & C. R. Bell. Manual of the vascular flora of the Carolinas.

lxi + 1183 pp. Chapel Hill, Notih Caiolii a. I%8
|

\inmchelhaceae (/. palustris).

48, fig., map.]

Reese, G. Uber die dcutsch n Huppia und unnichelhuA legorien und ihre Vt bin

tung in Schleswig-Holstein. Schr. Naturw. Ver. Schlesw.-Holst. 34: 44-70. 1963.*

. Cytologische und taxonomische Untersuchungen an Zannichellia palustris L

Biol. Zentralbl 86(Suppl ): 277 306. 1967.*

Reinecke, P. A contribution to the morphology of Zannichellia Aschersoniana i\ i aeon.

Jour. S. Afr. Bot. 30: 93-1 1 . 1 964. [Carpellate flowers "persistently" one-carpellate.]

Rose, E. Le mode de fecondation du Zannichellia palustris L. Jour. Bot. Morot 1: 296-

299. 1887.

Schenck, H. Verglcichcnde Anatomie dei subnn . , . i chs Bibliot. Bot. l(Heft

1). 67 pp. + 10 pis 1886 | annichellia, 16, 44, pi. 3, fig. 12.]

Small, J. K. Manual of the southeastern flora, xxii + 1554 pp. New York. 1933.

(Reprinted by Univ. N. Carolina Pros' Chapel iiil.)
|

anniohetlia palustris 15.1

Steyermark, J. S. Flora of Missou i. 1 sii 725 pp. Ames, Iowa. 1962. [Zanni-

chellia palustris, 56.]

Subramanyam, K. Aquatic angiosperms. viii + 190 pp. Calcutta. 1962. [Zannichellia,

96,97.]

Szafer, W. Miocene flora from Stare Gliwice in Upper Silesia. Prace Inst. Geolog. 33:

1-205. 1961. [Includes Zannichellia. I'otamogeton, Ruppia]

Uotila, P., W. van Vierssen, & R. J. van Wuk. Notes on the morphology and taxonomy
ofZamuchelln in Turkev l m Bot I nn 20 «M-356 1983. [Chromosome num-
bers of 2/i = < 32 for Zannichellia major and In = 24 lor Z. palustris.]

Venkatesh, C. S. Anther and pollen grains of Zannichellia palustris L. Curr. Sci. Ban-

galore 21: 225, 226. 1952.*

Vierssen, W. van. The ecology of communities dominated by Zannich 'Ilia taxa in

western Europe. I. Characterization and autecology of the Zannichellia taxa. Aquatic

Bot. 12: 103-155. 1982a. [Morphological and cytologic.il chai teristi o /

chellia from Europe, including / • or palustn nedunculata, Z. peltata.]

II. Distribution, synecology and productivity aspects in relation to environmental

factors. Ibid. 13: 385-483. 1982b. [Environmental factors important in distribution

ol Hurop. in unnichellia, includinj najoi '- palustris pedunculata.] III.

Chemical ecology ml N < |c'l ments of European
a , in h Ilia i m ! >< ti ' palu in m ' dunculai i

|

. Reproductu' u u git- i ananhiHh i.i .a in western Europe. Pp. 144-149

in J. J. Symoi ns s s i [ ,
-

, , ds Studies on aquatic vascular

plain', Brussels I

c \ | anuichel/ia palustris majot pedunculata peltata.]

& R. J. van Wuk. On the identity and autecology of Zannichellia peltata Bertol.

in western Europe. Aquatic Bot. 13: 367-383. 1982.

Vijayaraghavan, M. R., & A. V. Kumari. Embryology and systematic position of

Zannichellia palustris L. Jour. Indian Bot. Soc. 53: 292-302. 1974.

Voss, E. G. Michigan flora. Part 1. Gymnosperms and monocots. Cranbrook Inst. Sci.

Bull. 55. xv + 488 pp. Bloomfield Hills. Michigan. 1972. [Zannichelliaceae (Zan-

'lichellia palusiris) ' \ (map) +, 96 (fig.).]

Ward, D. B. Checklist of the \ isculai flora of Florida. Part 1. Univ. Florida Agr. Exper.

Sta. Tech. Bull. 726. 72 pp. 1968. [Zannichellia palustris, 19.]


